This paper presents a case study of creating a software product line for the train signaling domain. The Train Control Language (TCL) is a DSL which automates the production of source code for computers controlling train stations. By applying the Common Variability Language (CVL), which is a separate and generic language to define variability on base models, we form a software product line of stations. We discuss the process and experience of using CVL to automate the production of three real train stations. A brief discussion about the verification needed for the generated products is also included.
Introduction
The Train Control Language (TCL) is a domain-specific language (DSL) for describing train stations in the train signaling domain. A DSL is a programming or modeling language dedicated to a particular problem domain. TCL is developed by SINTEF in cooperation with ABB, Norway, and contains a minimal but sufficient set of concepts within the train signaling domain. The purpose of TCL is to automate the production of source code that controls the signaling system on a station.
Production of TCL stations can be further automated by using software product line (SPL) technology. An SPL captures the variabilities and commonalities of a series of products that are sufficiently similar. Product line modeling involves information about all product line members, which is different from modeling a singular product.
The Common Variability Language (CVL) provides a generic and separate approach for modeling variability in models defined by DSLs such as TCL [5] [4] . CVL can be applied to models in any DSL that is defined by a metamodel by means of Meta Object Facility (MOF) [7] . This paper presents a case study on how we applied CVL to TCL for developing a station product line where all the product line members are Norwegian train stations in use or under development. We report on the process of using CVL to express the variabilities and commonalities among designated products of the station product line, and how we derived and decided on the final product line based on that. We report on several issues that occurred during the development, discuss the pros and cons of different alternative solutions and report on our own experience trying out those solutions. Based on the experience of this case study, we also make some initial thoughts on the methodological support for the CVL approach and identify some open issues for future work.
The paper is structured as follows: Section 2 briefly presents the train domain, TCL and software product lines. Section 3 introduces CVL and its tool support, before Section 4 walks through the process of creating the station product line and the collected experiences from this assignment. Finally, Section 5 concludes with some open issues for future work.
Background
This section briefly introduces the train signaling domain and software product lines. TCL, as a DSL for this domain, was developed for the purpose of generating interlocking source code (functional blocks) for the Programmable Logic Circuit (PLC) at a station. TCL is used as the base language for our case study.
The interlocking system in the train signaling domain controls the basic elements of the station (e.g. signals, switches, track circuits etc.) and also allocate train routes in order to avoid collisions. Fig. 1 from [9] illustrates the layout of a train station. A train route is a route between two main signals in the same direction, and it consists of several track circuits. A track circuit is the shortest distance where the presence of a train can be detected. It consists of line segments and switches connected by endpoints.
Fig. 1. Train Station Layout

The Current Process of Designing Interlocking Source Code
Svendsen et al. [10] and Endresen et al. [2] show that the current development of source code for ABB's Computer Based Interlocking (CBI) for a single station is a manual and time-consuming process. First ABB receives a structural drawing of a station with its interlocking table from the Norwegian Train Authorities, and then the train experts develop the functional specification and design specification. These are formally reviewed before two independent teams create the interlocking source code for the station based upon these specifications. This source code is then thoroughly tested.
